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Thesis Summary 
   The diffusion sensing of nano-sized samples realizes the analysis of their size, interactions, etc. 
Therefore, the compact diffusion sensing device enabling a high-speed and label-free measurement 
in a small-volume of sample are attractive because of the applicability to the inline evaluation of the 
engineered nanomaterials, the analysis of the aggregates of rare pharmaceutical products, and the 
comprehensive analysis of intermolecular interactions between the samples, such as biomarker. In 
this study, a diffusion sensing device utilizing light-induced dielectrophoresis (LIDEP) is proposed 
to realize the label-free measurement completed in a few seconds. Furthermore, the platform for the 
ultrasmall-volume analysis is developed to realize the continuous, and multi-sample diffusion 
sensing of the pL-volume droplet generated in the microfluidic system. 
Chapter 1 summarizes the background and needs of the high-speed and compact diffusion 
sensing device performed in the small-volume of sample, and the purpose of this study. 
Chapter 2 describes the principle of the fast diffusion sensing using the concentration 
distribution formed by LIDEP. The theoretical framework of LIDEP using the photoconductive 
layer in the microchannel is proposed. In addition, the principle of the formation of the µm-scale 
lattice-shaped concentration distribution, and the optical diffusion sensing by the diffraction is 
described. 
Chapter 3 describes the device design utilizing the sputtered hydrogenated amorphous silicon as 
the photoconductive film for the development of the proposed diffusion sensing device using 
LIDEP. The deposition temperature dependence of the hydrogen bonding configuration of the 
hydrogenated amorphous silicon and their photoconductivity is investigated. The device 
configuration is analyzed by the numerical simulation, and the device is fabricated. 
In Chapter 4, the µm-scale lattice-shaped concentration distribution of nanoparticles formed by 
LIDEP is successfully observed. Furthermore, its performance as a diffusion sensor is confirmed by 
the measurement of the size-certified nanoparticle with the evaluation of the uncertainties. 
In Chapter 5, the ultrasmall-volume analysis realizing the pL-volume diffusion sensing is 
demonstrated. By the formation of concentration distribution of the nanoparticle using LIDEP in the 
pL-volume droplet generated by the microfluidic injection system, the ultrasmall-volume 
measurement is performed. Furthermore, the continuous multi-sample analysis in the ultra-small 
volume is achieved using pL-volume droplets. 
Chapter 6 summarizes the results of this study, and the future perspective. 
